Aims-To verify the improved thiol methyltransferase (TMT) assay and measure activity in isolated colonocytes and erythrocyte membranes of the same subjects. Methods-High performance liquid chromatography with radioactivity detection was used to measure 4C-methylmercaptoethanol formation, the reaction product of cell extracts incubated with mercaptoethanol and "4C-S-adenosylmethionine. Results-Verification of radiolabelled "Cmethylmercaptoethanol was by exogenous addition of methylmercaptoethanol and simultaneous ultraviolet detection at 214 nm. Using a substrate concentration of 10 mM mercaptoethanol, the Km for Sadenosylmethionine was 25 trM. The sensitivity of the radioactive method was 2 pmol, with coefficients of variation of 7% within assay and 6*4% between assay.
methylmercaptoethanol was by exogenous addition of methylmercaptoethanol and simultaneous ultraviolet detection at 214 nm. Using a substrate concentration of 10 mM mercaptoethanol, the Km for Sadenosylmethionine was 25 trM. The sensitivity of the radioactive method was 2 pmol, with coefficients of variation of 7% within assay and 6*4% between assay.
TMT activities (mean + SE; n = 17) were 471 + 64 pmollhour/mg protein for colonocytes and 73 + 7 pmollhour/mg protein for erythrocyte membranes. Conclusions-The direct assay ofTMT activity is sensitive, specific and eliminates concern over non-enzymatic methylation of thiol compounds. High activities in colonic epithelial cells deserve evaluation in disease states.
1 December 1994 Thiol methyltransferase (TMT; EC 2.1.1.9) activity of tissues promotes methylation of harmful sulphydryl compounds to less harmful methylated products.'2 Activity of TMT is reduced in Parkinson's disease3 and rheumatoid arthritis. 4 Both low' and high activities5 have been reported in the colonic mucosa. As ulcerative colitis may be caused by excess production of sulphides in the colonic lumen,6 there seemed to be an advantage in accurately measuring TMT activity of colonic epithelial cells where the enzyme would be essential for detoxification of sulphides.
Measurement of TMT activity, as established by Weinshilboum et al,' involves conversion of 2-mercaptoethanol to S-methylmercaptoethanol using the radiolabelled methyl donor '4C-S-adenosylmethionine, extraction into toluene and scintillation counting. To account for non-enzymatic fornation of unlabelled S-methylmercaptoethenol, activities of other methyltransferases and radioactive contaminants in the methyl donor, three different types of blank corrections were used. A method utilising high performance liquid chromatography (HPLC) with ultraviolet detection3 and later modified by concentration of tissue extracts has been reported (Waring R, 1993, personal communication) . The present work reports a direct method for detection of the enzyme product by HPLC using an online radioactivity monitor requiring no concentration steps or multiple blank corrections. Measurements were made on isolated colonocytes and erythrocyte membranes.
Methods
Tissue and blood samples were obtained from 17 patients (seven men, 10 women) undergoing colectomy for benign or malignant disease. Colonocytes were prepared from pathologically uninvolved segments of colon as described previously8 except that dithiothreitol was omitted. After isolation, colonocytes were washed twice in 0-1 M dipotassium hydrogen orthophosphate/l mM EDTA (pH 7A4), then ground finely in liquid nitrogen using a mortar and pestle. Erythrocyte membranes were isolated as described by Pazmino Time (minutes) 8 10 1200 r 
CALCULATIONS
The Michaelis-Menten (Km) constant was calculated from a Lineweaver-Burk transformation using five concentrations of S-adenosylmethionine between 9 and 144 FM.
TMT activity was calculated as pmol of methylmercaptoethanol formed. The peak area (gV-sec) was converted to disintegrations per minute (dpm) after determining a conversion factor by injecting a known amount of 14C-Sadenosylmethionine and relating area to dpm. The specific activity of S-adenosylmethionine A was then used to calculate pmol of methylmercaptoethanol formed and results expressed as pmol/hour/mg protein.
Results
The retention time of '4C-methylmercaptoethanol was about 6-5 minutes. The retention times of ultraviolet and radioactivity detection differed slightly as the 1 ml flow cell of the radioactivity monitor results in a broader peak; however, both peaks started at 5 4 minutes (fig  1) . Linearity of TMT activity was found in samples diluted with 0 1 M dipotassium hydrogen orthophosphate/l mM EDTA (pH 7 4) to a protein concentration between 0-1 and 03 mg/20 0d. Mercaptoethanol was used at 10 mM, this being the upper expected concentration of sulphides in the colon. Using this concentration of mercaptoethanol, the Km for S-adenosylmethionine was 25 pM, determined using three different colonocyte suspensions. The final concentration of S-adenosylmethionine in the reaction mix was 54 gM.
The effect of incubation time was tested using 15 minute increments up to two hours. A linear correlation between product formation and time of incubation was found up to one hour. An incubation time of 50 minutes was chosen for all experiments. No methylmercaptoethanol was identifiable by ultraviolet detection in unconcentrated cell homogenates. Using the methylmercaptoethanol standard solution, the minimum detectable level by ultraviolet detection was 100 nmol compared with the radioactivity method, which was 2 pmol (determined as twice noise level). The coefficient of variation of five replicate measurements was 7% within assay and 6-4% between assay. No methylated product was detectable when the sample was pretreated by heating at 70°C for 30 minutes (fig 2) . Similarly, blanks without substrate showed no methylmercaptoethanol product (data not shown).
Results ofTMT activity (pmol/hour/mg protein) in 17 patients are shown in fig 3. There was a fivefold variation for erythrocyte membranes and a 10-fold variation for colonocyte suspensions. TMT activity was found to be stable in homogenates of erythrocyte membranes and colonocytes kept at -70°C for up to eight months. Discussion HPLC was chosen for measurement of TMT activity, as the reaction product methylmercaptoethanol can be detected with specificity and ease. The HPLC method of Waring et al' measured reduction in total mercaptoethanol concentrations rather than the formation of its methylated product. Subsequent modification of their method has involved concentration of the toluene extract which enabled detection of methylmercaptoethanol by ultraviolet detection (Waring R, 1993, personal communication) . We were unable to detect methylmercaptoethanol by ultraviolet detection in tissue extracts not subjected to tissue concentration, a problem circumvented by radioactivity detection, which is at least four orders of magnitude more sensitive than ultraviolet detection. Heat inactivation and concurrent ultraviolet HPLC incorporating radioactivity detection provided evidence that the present method is specific for measurement of the methylmercaptoethanol product of the enzymatic reaction.
A variety of thiol compounds such as mercaptoethanol, hydrogen sulphide and methanethiol have been used to measure TMT activity with S-adenosylmethionine as the methyl donor." Mercaptoethanol was chosen as the substrate for the present assay as hydrogen sulphide and methanethiol are volatile at physiological pH values.'
The fivefold variation in erythrocyte membrane TMT activity in our patient group is similar to that reported previously.7 At a substrate concentration of 10 mM, chosen for the current study, both low and high affinity TMT activities are measured, both of which in erythrocytes have similar biochemical properties and are regulated in a parallel fashion.'2 Similarly, biphasic substrate kinetics were found by Glauser et all3 in hepatic microsomes.
Present results of TMT activity in colonocytes are difficult to compare with those of others due to the use of different substrates and substrate concentrations. Weisiger et all using 2-thioacetanalide reported colonic mucosal activity of 125 fmol/mg/minute. Pacifici et all4 found 0-38 nmol/minute/mg protein using 2-mercaptoethanol. In a further study5 TMT activity in microsomal fractions of the entire colonic mucosa comprising epithelial, immune and muscle cells was 786, 1791 and 964 pmol/minute/mg protein in ascending, transverse and descending colon, respectively. The average TMT activity of isolated colonocytes in the current study was 471 pmollhour/ mg protein (7 9 pmollminute/mg protein). The lower activities presently reported compared with Pacifici et a15 would be expected as whole cell homogenates rather than microsomal subfractions were used. The variation in enzyme activity in our study was 10-fold in colonocytes, compared with a variation of 1 5-fold in the transverse colon and sixfold in the ascending colon found by Pacifici et al. 5 The method presented in this paper is both specific and sensitive for the measurement of the methylated product of the reaction of mercaptoethanol with S-adenosylmethionine catalysed by TMT. It is applicable for measurement of TMT activity in erythrocyte membranes and will be useful for future assessment of thiol methylation in isolated colonocytes from patients with ulcerative colitis reported to be exposed to high thiol concentration'5 from the gut lumen.
